Para entender la dinámica de la cobertura del suelo en el Parque Nacional Cofre de Perote, se hizo una comparación de las tasas de cambio de uso a dos escalas durante el periodo [1995][1996][1997][1998][1999][2000][2001][2002][2003][2004]. A escala meso, se estudiaron estos patrones en toda la superficie del Parque Nacional Cofre de Perote, que es una de las 60 montañas prioritarias de México y también una importante área natural protegida del país ubicada en el estado de Veracruz. A escala micro el estudio se enfocó en el ejido El Conejo que se encuentra dentro de los límites de este parque nacional. Se utilizaron ortofotos digitales del gobierno federal para determinar el cambio en nueve categorías de uso del suelo. En ambas, meso y microescalas, se encontró que las categorías predominantes de cobertura son la agricultura y el bosque. Las probabilidades de cambio de cobertura del suelo en ambas escalas son bajas y tienen valores esencialmente iguales para la mayoría de las categorías de uso, reflejando tanto pequeñas ganancias en cobertura forestal en todo el parque como la efectividad del ejido en el manejo de recursos naturales dentro del parque. Se considera que los hallazgos de este estudio pueden ser aplicables a la situación prevaleciente en los restantes parques nacionales de México; al final se discute la importancia de integrar a los actores locales en el manejo de áreas naturales protegidas.
IntRoductIon
The drivers of deforestation worldwide are broad and complex, and involve many institutional, technological, socioeconomic and demographic factors (Hobbs, 1993; Lee, Carr and Lankerani, 1995; Collinge, 1996; Ghosh, 2004; Tabarelli, Cardoso da Silva and Gascon, 2004) .
Locally, some practices that have contributed to the loss of the world's forests are itinerant agriculture, slash-and- Understanding the dynamics of land use and land cover is the key to address problems and changes at any scale (Geist and Lambin, 2001) . Land use, land cover and forestry investigations (LULCF) evaluate these landscape transformations and enable researchers to identify its causes and consequences, and represent a valued tool for users of these forests and for planners of public policies concerned with land use. LULCF studies can generate forecasts and project future scenarios in both the natural and the social environment, and help to estimate economic outcomes (Ellis and Pontius, 2007) .
The country-scale panorama is dire. Mexico has lost most of its tropical lowland and mid-elevation temperate forests. This loss continues to advance at a rate close to and restoring degraded forests are needed. According to Lambin (1997) , quantitative reference data to guide where, when, how much, and why landscape modifications occur, are key to the success of forest management but very often incomplete.
Studies of land use change in Mexico are a key priority because it is one of the countries with the highest deforestation rates (Bocco, Mendoza and Masera, 2001 ).
The country lost 720 000 ha of forests and semi-arid vegetation per year during the nineties, the period in which we initiated this study. Patterns of deforestation differ by region, and almost 80% of it occur in the central and southern portions of this country (Masera, 1996) . It is important to highlight that forest degradation, the loss of structural elements of forests, and decays in the quality of ecosystem services are serious processes whose extent is currently unknown but that can be added to the problem of forest loss. 
objetIves
The purpose of this work was to present an analysis of land use and land cover at two different scales inside a national park and to describe its trends over a decade (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) .
The meso-scale analysis took place at the Parque Nacional Cofre de Perote (PNCP), one of Mexico's oldest national parks, and at a micro-scale at the ejido 1 El
Conejo, a titled community nested inside the boundaries of the PNCP. Given the trends detected at both scales, the probability of change in land cover was estimated and related to land tenure; also, forecasts of future scenarios for all land cover categories are presented. In the end of the study, specific recommendations for the management of the park and for augmenting its forest area are presented.
mAteRIAls And methods
The study is focused on two scales, a 'meso-scale' ( > 10 4 ha) and 'micro-scale' ( < 10 3 ha), with a difference of about one order of magnitude.
The meso-scale: land use and land cover at the Parque Nacional Cofre de Perote objects in these images (Graham and Read, 1990) 
Cartography
The field-verified land use and vegetation maps were assembled in a geographic information system built specifically for the PNCP using ArcView's ArcMap 9.2 (Esri, 1999) and the data layers were combined with coverage publicly available from the Comisión Nacional para el Conocimiento y Uso de la Biodiversidad (Conabio, 2010) such as access roads, urban and rural localities. States. Also, ArcView 3.2 was used to process these maps (Esri, 1999) .
Data analysis

Interpretation of orthophotos to determine vegetation and land use
The probability of change was estimated using a transition matrix model (McAuliffe, 1988) :
Where A is the transition between land use categories, and a ij is the probability of change of category i for category j over time. The transition probabilities were calculated using the following equation:
Where r ij is the probability of transition from category i to category j over time.
Although land cover and land use categories roughly correspond at both scales, the resolution of source data at both scales is different, so the categorization at both scales is not identical.
Results
Land use and land cover at the PNCP 1995-2004
The first result is that the PNCP total area is 11 530.70 ha, nearly 170 ha smaller than reported in official data. In 1995, (Fig. 2) .
The most striking difference during this period was
the change in open woodlands, which had a decadal loss of more than 80% of its initial area. In turn, the most remarkable increase was in montane grasslands, which had a nearly 10-fold increase in one decade (these two changes correspond almost to the hectare with one another). Two other land use categories that had significant proportional changes (although small in total area, as none of them is over 160 ha) are open woodlands with agriculture and water bodies that increased about 1.3
times from its original cover.
The breakdown of gains and losses by categories, and the proportion of the total area that had no change are of great interest. Below the changes by category are shown (ranked by total area, from largest to smallest; Table 1 ).
Most categories of land use remained relatively constant and the total areas and proportion of the total land cover had very few changes (Fig. 2) . 
Open woodlands with montane grasslands
With the largest loss in total area, this land use was reduced to less than a sixth of its original cover. The majority of this area was transformed into montane grasslands. 
Human settlements
No change between 1995 and 2004.
Water bodies
Water bodies more than doubled its area in the decade of this study, taking over areas of woodland and montane grassland.
The probability of land use change (r ij ) at the PNCP in the 1995-2004 decade is estimated in table 2. The three land use categories that had the highest probability of keeping the same land use over the ten years of this study Table 2 . Matrix of transition probabilities of land use change at the Parque Nacional Cofre de Perote, Mexico, 1995 Mexico, -2004 . Probability that a row probability will become a column category. Bold = probability of keeping its current land use. (SD = 0.37, n = 8), whereas the mean probability of land use categories changing to a different cover is 0.04 (SD = 0.14, n = 56).
Land use and land cover at ejido El Conejo 1995-2004
Over 95% of ejido El Conejo is dominated by three land (Table 3) .
Agriculture
The area dedicated to agriculture had a modest decrease over the decade of our study. Although agriculture has been, along with forestry, one of the two main activities of its people and it is striking that it hasn't gained additional area.
Forest
This land use had a negligible increase in area, less than 1%, during the decade of this study. The forest remaining in the area is composed of patches of sacred fir, although this species is also present in the shrubland areas.
Open woodland with agriculture
The third most important land use category had a modest decrease.
Human settlement
This land cover increased by almost a third. Although modest in net area, this is also one of the most important changes recorded in the ejido. 
Shrubland with montane grassland
The small area dedicated to this land use at the beginning of this study was completely gone in 2004.
Without vegetation
The main finding is the slow process of degradation of forests that are turned into woodlands and then into montane grasslands-. Cattle raising and agriculture are the two that stand out.
At the micro-scale, the ejido had no abrupt changes of substantial areas (Fig. 3) , and the probability of change matrices at both scales have very similar trends as well (Tables 1 and 3 One key premise of these management models is that they are based on social organizations (Durán-Medina, Mas and Velázquez, 2007) . In this case, it is possible to implement the management and recovery of the sacred fir forests through the strengthening of the existing social organization of El Conejo. Many initiatives focused on protecting and managing forests have failed for its excessive focus on enforcing tools that ignore the role of communities within or surrounding parks (Hansen, Spies, Swanson and Omán, 1991; Velásquez, Bocco and Torres, 2001; Bray et al., 2007b; Madrid et al., 2009; Larson et al., 2010) . 
